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Introduction
Corneal astigmatism is the leading cause of decreased visual acuity and impairs visual rehabilitation after penetrating keratoplasty. 1, 2 Suture removal is one of the crucial steps to control postoperative corneal astigmatism. However, the effect of suture removal is unpredictable, ranging from significant decrease to unexpected increase in astigmatism. [3] [4] [5] Small number of studies had identified the factors influencing the change in corneal astigmatism. Previous studies showed that the keratometric values before suture removal, time of suture removal, the donorrecipient trephine diameter difference, and the indications of corneal transplantation were the potential factors. 4, 5 Corneal tissue displays biomechanical properties including elastic and viscoelastic properties, which are the capacity of an object to reversibly deform under the stress. 6 Corvis ST (Oculus, Wetzlar, Germany), a noncontact tonometer using ultra-high-speed Scheimpflug technology, has been recently developed for corneal biomechanical properties assessment. 7, 8 In post-keratoplasty patients, corneal sutures provide stress to the transplanted cornea resulting in the change of corneal shape, thus change in corneal astigmatism after suture removal might be associated with the corneal biomechanics.
The purpose of this study was to identify the factors including corneal biomechanics properties that can predict corneal astigmatic change following corneal suture removal in post-keratoplasty patients.
Materials and methods
This prospective observational study included 27 patients who underwent corneal suture removal at Cornea Clinic, King Chulalongkorn Memorial Hospital, Bangkok, Thailand. The study was approved by the Institutional Review Board, Faculty of Medicine, Chulalongkorn University and was in adherence to the tenets of the Declaration of Helsinki. Written informed consent was obtained from either participant or legal guardian.
Participants who underwent penetrating keratoplasty with 16 interrupted corneal sutures for at least 6 months were evaluated for visual acuity and corneal astigmatism. The corneal astigmatism was obtained from central 3 mm zone using ORBSCAN II corneal topographer (Bausch & Lomb, Orbtek Inc., Salt Lake City, UT). Participants with uncorrected visual acuity less than 20/40, corneal astigmatism at least 1.5 diopters, and planned to remove corneal suture in the steep axis for improving patients' visual acuity were enrolled. Exclusion criteria included corneal graft failure, active ocular infection, and unable to obtain corneal biomechanics by Corvis ST or keratometric measurement.
Corneal biomechanical properties were measured before suture removal with Corvis ST. The Covis ST parameters including the first applanation time (A1 time), maximal deformation amplitude (DA), and the radius at highest concavity (RHC) were recorded (Table 1) . Age, gender, types and date of operation, indications of corneal transplantation and the donor-recipient trephine diameter difference, number of removed sutures, and time from keratoplasty to suture removal were also recorded.
Selective suture removal was done based on the axis of astigmatism. The number of removed sutures was decided according to attending physician. For each patient, topical antibiotic was prescribed for 1 week after suture removal. All participants were re-evaluated for corneal astigmatism after suture removal at the following visit.
Statistical analysis
Change in corneal astigmatism after suture removal was calculated using vector analysis based on magnitude and axis of astigmatism by Alpins method. 9 Spearman's correlation test and linear regression model were used to evaluate the correlation between astigmatic change after suture removal and the following factors: donor-recipient trephine diameter difference, time of suture removal after transplantation, the number of removed sutures, corneal astigmatism before suture removal, and corneal biomechanics parameters including A1 time, DA, and RHC. P-value less than 0.05 was considered statistically significant. All analyses were performed using Stata Version 14.2 (College Station, TX, USA).
Results
The study included 33 data of corneal suture removal from 27 eyes of 27 post-penetrating keratoplasty participants. Fifteen participants (51.9%) were female. The mean age of participants was 60.1±18.1 years (range, 15-85 years). Indications of corneal transplantation are shown in Table 2 .
The mean corneal astigmatism was 7.1±3.7 diopters (D) (range, 1.4-17.0D) before suture removal and 5.5 ±3.2D (range, 0.1-14.1D) after suture removal. The decrease in corneal astigmatism after suture removal was 7.0±6.3D (range, 0.3-30.8D) by vector analysis. There was a significant correlation between corneal astigmatism before suture removal and the change in corneal astigmatism (Rs=0.47, P=0.01). Mean follow-up time after suture removal was 9.7±5.5 weeks (range, 4-25 weeks). The donor trephine diameters were 0.25 mm larger than recipient trephine diameter in 3 eyes (11.1%) and 0.50 mm larger than recipient diameter in 24 eyes (88.9%). The mean duration from corneal transplantation to suture removal was 25.9±17.8 months (range, 6-95 months) and the mean number of removed sutures was 1.6±0.7 stitches (range, 1-3 stitches). There was no correlation between donor-recipient trephine diameter differences, duration from corneal transplantation to suture removal, and number of removed sutures with change in corneal astigmatism (P=0.44, 0.19, and 0.97, respectively).
The mean corneal biomechanics parameters including A1 time, DA, and RHC were 7.6±1.3 ms (range, 6.5-12.8 ms), 1.1±0.2 mm (range, 0.4-1.6 mm), and 6.3±1.4 mm (range, 3.8-11.6 mm), respectively. There was no correlation between A1 time, DA, and RHC with the change in corneal astigmatism (P=0.55, 0.84, and 0.39, respectively).
A simple linear regression was calculated to predict the change in corneal astigmatism after removing corneal sutures based on corneal astigmatism before removing sutures. A significant regression equation was found (F (1,31)=19.39, P=0.0001), with an R 2 of 0.38 (Figure 1 ). Change in corneal astigmatism after removing corneal sutures is equal to 1.05 (corneal astigmatism before removing suture) -0.43. The change in corneal astigmatism increased 1.05D for each diopter of corneal astigmatism before removing sutures.
Discussion
According to our results, the corneal astigmatic change after suture removal was significantly correlated with pre-suture removal astigmatism. However, there was no correlation between change in astigmatism with time of suture removal when the sutures were removed between 6 and 95 months, the donor-recipient trephine diameter difference, the number of removed sutures, and the corneal biomechanics parameters including A1 time, DA, and RHC.
This study is unique in that we report the results of selective suture removal after keratoplasty with 16 interrupted corneal sutures. The technique of selective removal of corneal sutures on the axis of steepest keratometric value is the most popular technique used nowadays. We found that the higher level of astigmatism before suture removal results in the greater reduction in astigmatism. Our findings were consistent with previous studies, [3] [4] [5] which studied in different suturing techniques such as eight interrupted sutures, single running, double running, and combined interrupted and running suture. However, all sutures were removed at the same time in previous studies and led to the conclusion of unpredictable change in corneal astigmatism after suture removal. 4, 5 Based on the regression equation we analyzed in this study, the change in corneal astigmatism increased 1.05D for each diopter of corneal astigmatism before suture removal. These findings can be used to predict the amount of corneal astigmatic change following suture removal in post-keratoplasty patients. These findings help decreasing unnecessary suture removal, which might lead to vision-threatening complications such as graft rejection, retained suture material, infection, wound dehiscence, and even induced astigmatism. [10] [11] [12] In addition, the more predictable method to adjust corneal astigmatism reduces hospital costs and visits.
On the basis of our findings, there is no correlation between astigmatic change and time of suture removal (6- Figure 1 The correlation between corneal astigmatism before suture removal and change in corneal astigmatism after suture removal in post-keratoplasty patients.
95 months). Our finding was in agreement with the previous studies using vector analysis to calculate the astigmatic change that demonstrated no correlation between astigmatic change and time of suture removal when the sutures were removed 5-72 months after penetrating keratoplasty. 4, 5 Unpredictable change of astigmatism based on time of suture removal is due to several factors affecting corneal wound healing such as recipient age, indications for keratoplasty, and post-operative medications. 13 We suggest not removing suture until the corneal wound is adequately healed to avoid wound leakage and subsequent infection following suture removal. Moreover, once acceptable astigmatism is achieved after suture removal. Sutures should be left in place to avoid undesirable astigmatic change at least 95 months after keratoplasty, excepting any suture complication. The donor-recipient trephine diameter difference was previously demonstrated to be the factor influencing astigmatic change following suture removal. 5 This parameter, however, did not show any significant difference in term of astigmatic change after suture removal in our study. This result might be due to the discrepancy between donor graft size and recipient trephined size was rather constant in our study.
Our analyses revealed that change in astigmatism after suture removal is independent of the number of removed sutures. Similar results of astigmatic change were obtained when 1-4 sutures were removed at one visit. Likewise, Burk et al found that following suture removal, 2-3 diopters of astigmatic change could be expected regardless of the number of removed sutures, ranging from 1 to 4 sutures. 14 Mean follow-up time after suture removal varied greatly among participants in our study. However, it was not appeared to affect the astigmatic change. Burk et al similarly found that after 10 weeks of corneal transplantation, removal of a single interrupted suture in each followup visit resulted in similar astigmatic change regardless of follow-up time. 14 Corneal biomechanics are novel parameters reflecting viscoelastic properties of cornea. Corvis ST monitors corneal deformation using an ultra-high-speed Scheimpflug camera with UV-free 455 nm light and provides a set of corneal deformation parameters. Previous studies evaluating corneal biomechanics in post-keratoplasty eyes showed that the deformation amplitude (DA) of transplanted cornea was significantly higher than normal eyes, while the radius at the highest concavity (RHC) was significantly smaller than normal eyes. 15, 16 This might suggest that corneal transplantation tended to weaken the corneal integrity. To the best of our knowledge, the study determining the effect of corneal biomechanics on the astigmatic change after suture removal has not been reported yet. Our study included the three most representative and repeatable corneal biomechanics parameters acquired from Corvis ST, which are A1 time, DA, and RHC. 7, [15] [16] [17] This study found no significant difference in astigmatic change among eyes with different corneal biomechanics. We hypothesized that corneal grafts might reach their maximal tensile strength when suture removal was initiated, so we could not find the significant relationship between these 2 factors. Corneal biomechanics probably have no role in the prediction of astigmatic change after removal, yet these parameters could have potential benefits for monitoring postoperative wound healing. Repeatable and stable corneal biomechanics values in the follow-up period after keratoplasty may serve as the indicators for completely healed corneal grafts and suture removal can be safely carried out. To our knowledge, this is the first study to evaluate this relationship.
Limitation of this study is the relatively small sample size. Further large-scale studies are needed especially for more accurate equation of astigmatic change after suture removal.
Conclusion
The astigmatic change after corneal suture removal in post-keratoplasty patients was significantly correlated with pre-suture removal astigmatism. These findings will permit a validated approach for reducing corneal astigmatism in post-keratoplasty patients.
